OBPI. One of the management "gaps" identified for OBPI is the timely referral to multidisciplinary care. 7 Primary care providers can underestimate the injury, failing to objectively characterize residual impairment 44 and providing guardians with inaccurate information and education. 9, 18 This results in guardian distress and delayed specialist referral. 44 While the benefits of early referral have been investigated internationally, 44 the proportion of infants referred to multidisciplinary centers and the process indicators for doing so have not been established.
National administrative databases are in place to quantify the incidence and risk factors for birth trauma. Clinic-based audits have been demonstrated to improve perinatal care. 40 Organizational databases are maintained for institutions' OBPI clinics, reflecting clinic processes and single-provider surgeon and therapist outcomes. The primary objective of this study was to measure the volume and timing of OBPI referrals to Canadian multidisciplinary centers. Timing was assessed relative to quality indicators established by experts in the guideline group. The secondary objective was to determine the incidence and risk factors for OBPI in Canada. This study will help guide formation of a clinical practice guideline by addressing limitations in the literature, generating and measuring quality indicators for care processes, providing a robust analysis of the incidence trend, and expressing risk factors with strength of association.
methods

Personnel
The Canadian OBPI Working Group was established to participate in clinical practice guideline development, implementation, and networking for research. It is composed of national OBPI opinion leaders, who are lead physicians at each of Canada's 10 OBPI multidisciplinary centers. Early in the guideline development process, this consensus group (Appendix 1) suggested that a formal analysis of the Canadian burden of OBPI should be conducted and reported in this study to help inform recommendations. Guideline publication is forthcoming. 19 
data sources
The national incidence and risk factor data were obtained from the Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD) and Hospital Morbidity Database (HMDB) (http://www.cihi. ca/CIHI-ext-portal/internet/en/document/types+of+care/ hospital+care/acute+care/dad_metadata), during the years 2004 to 2012. This database contains administrative, clinical, and demographic data from all acute-care facility discharges nationally; children born outside of hospitals are not reliably captured in this database. The data are unweighted, and the database reflects every birth. 
variables
All newborn and corresponding maternal records were identified in the CIHI database. Stillbirths and therapeutic abortions were excluded. Records were stratified by province/territory to enable comparison with multidisciplinary center referrals. OBPI cases were identified by ICD-10-CA codes (Appendix 2).
Risk factors were generated from a previous epidemiological study 29 and from studies in our systematic review 18 with a primary outcome of OBPI incidence or risk. [1] [2] [3] 5, 6, 16, 21, 23, 26, 30, 32, 34, 35, 38, 41, [47] [48] [49] [57] [58] [59] 62, 65 Cases of macrosomia, clavicle facture, and humerus fracture were identified within all newborn records (Appendix 2). Classifications of heavy for gestational age (not macrosomia), fetal or birth asphyxia, and intracranial nontraumatic hemorrhage were available for Ontario records only. In cases of twin or other multiple births, the mother's record was only associated with the first newborn's chart number. The database does not collect factors related to maternal weight (e.g., body mass index). For all maternal records, cases of shoulder dystocia, use of forceps, use of vacuum traction, breech delivery, caesarean section delivery, maternal impaired glucose tolerance, maternal gestational diabetes, and maternal preexisting diabetes were identified (Appendix 2). Twin or multiple births and episiotomy were available for Ontario records only.
referral to multidisciplinary centers
The guideline development process involves addressing system performance. 15 The creation of quality indicators for the referral process at clinically relevant time points is required to characterize gaps in care and to evaluate processes at baseline levels for future comparison. 13 No definitive evidence exists for the association between OBPI outcomes and the timing of patient referral. Therefore, quality indicators were generated based on the best available evidence and expert consensus. 43 Indicator selection was guided by criteria suggested by Mainz, 43 who states that process indicators are most valuable when 1) management timeframes are short, 2) indicators address low-volume providers, and 3) patient prognosis cannot be stratified with a diagnostic investigation at baseline.
43
These 3 conditions are present for OBPI.
The consensus group formally approved a set of quality indicators. Indicators were defined by the infant's age at the time of initial assessment at a multidisciplinary center; a designation of "good" indicates that assessment occurred by 1 month of age, "satisfactory" by 3 months of age, and "poor" thereafter. One month was chosen as the timeframe for a "good" designation based upon an existing algorithm for referral 44 and a previous national position statement. 4 Neuropraxic injuries are expected to completely recover by 1 month; 4, 7, 12, 66 beyond 1 month, recovery is not expected to be complete. 4 The selection of 3 months for a "satisfactory" designation was based upon our meta-analysis 18 and existing surgical algorithms, 7, 12 which support operative indications beginning at 3 months.
Referral data and timing were collected from available organizational and single-provider databases. Canadian OBPI multidisciplinary centers provided the aggregate number of infants assessed by multidisciplinary teams whose birth dates were within the same time range as the CIHI incidence data. Cases were dissociated; aggregates were pooled by province and compared with pooled incidence by province. Multidisciplinary centers also provided data on the proportion of patients seen in consultation by 1 month and by 3 months of age. No multidisciplinary OBPI care is delivered outside of these centers in Canada.
analysis
Incidence was expressed per 1000 live births. Newborn and maternal risk factors were used to calculate the odds ratio (OR; descriptive statistic) for association with OBPI. We used criteria by Haddock et al. 33 to determine the strength of the association. 28 ORs of 3.0 or greater were considered "moderately strong" risk factors, and ORs of 0.33 or less were considered "moderately strong" protective factors. Further adapting Cohen's parameters, 17 ORs of 30.0 or greater were considered "very strong" risk factors, and ORs of 0.033 or less were considered "very strong" protective factors.
The Joinpoint Regression Program was used to analyze the trend in OBPI incidence over the study period using the Monte Carlo Permutation method. 36 Practically, this analysis computes a linear model for annual OBPI incidence and calculates the average annual percent change (AAPC) in incidence to determine if a significant trend (increase or decrease) is demonstrated in the model.
For incidence and risk factor analyses, Quebec data were removed post hoc, given the absence of coded OBPI cases in 2004-2005 prior to the adoption of ICD-10-CA and inconsistent reporting, since it was not mandatory in the province. In cases of missing data for calculating quality indicators, conservative estimates were imputed.
This study was reviewed and completed in accordance with guidelines from McMaster University's Research Ethics Board (REB), December 6, 2012.
results incidence
The database included 2,762,996 infants born between 2004 and 2012. Of these newborns, 2968 were coded with OBPI (Table 1) . Excluding the Quebec data, the OBPI incidence was 1.24 per 1000 births (95% CI 1.20-1.29 per 1000; Table 1 ). There was no significant change in annual incidence. Over the entire study period, AAPC was -2.0% (95% CI -5.0% to 1.2%, p = 0.1).
risk Factors
The strength of association for risk factors is listed in Table 2 . Very strong risk factors included birth injury to humerus, shoulder dystocia, and clavicle fracture. Moderately strong risk factors included macrosomia (> 4500 g), birth asphyxia, heavy for dates, pre-existing maternal diabetes, forceps traction, episiotomy, vacuum traction, and fetal asphyxia. Caesarean delivery was a moderately strong protective factor.
referral Processes
Referral data were obtained from Canada's OBPI multi- (Table 3) . With sensitivity analysis as described above for Western University's data, referral to multidisciplinary centers increased to 1327 (45%) nationally and to 715 (51%) in Ontario.
For referrals, quality indicators are illustrated in Table  4 . Overall, 28% of referred OBPI patients were assessed by multidisciplinary centers by 1 month of age ("good"), and 66% by 3 months ("satisfactory"). No center assessed the majority of referrals by 1 month of age. Six centers assessed the majority of referrals by 3 months of age. No data were imputed in quality indicator analyses.
discussion main Findings
This is the first analysis of OBPI burden. This study contributes 3 findings to the literature. First, quality indicators for referral at clinically relevant time points were established, and a referral gap was characterized. Most infants (55%-60%) were not referred to multidisciplinary centers for specialized management. Among those who were referred, only 28% received a referral by 1 month of age (i.e., timing designated as "good"). Second, a strength of association was calculated for risk factors; humeral fracture, shoulder dystocia, and clavicle fracture were identified as very strong risk factors for OBPI. Third, no trend in incidence was identified during the study period. Among mandatory reported data sets in Canada, OBPI incidence is 1.24 per 1000 births; all potential biases would underestimate OBPI identification. Implementation of a clinical practice guideline should target physician variation and improve referral timings.
incidence
The Canadian incidence of OBPI is at least 1.24/1000 births, similar to many other well-known childhood conditions and disabilities. 27, [51] [52] [53] Potential biases would only underestimate the incidence since the database relies on diagnostic codes entered upon hospital discharge from primary care. The providers in the database may not accurately assess peripheral nerve injury 22 and may fail to identify patients prior to newborn discharge. The incidence is consistent with similar studies of demographic populations, 6, 37, 58 large United States samples, 26, 29 and hospital series. 8, 42, 64 North American reports, 31, 57 multi-decade studies, 16, 65 and dedicated educational intervention studies 32 all report that OBPI incidence is consistent over time. The exception is Foad et al., 29 who reported a decrease in annual incidence between 1997 and 2003. The study compared only 2 years (1997 vs 2003), with a decrease of 0.4 per 1000 births. This is similar to our data if only 2011 and 2004 were compared (1.38 vs 1.03 per 1000). We performed a more robust analysis, confirming no change in annual incidence.
risk Factors
Risk factors are consistent with a previous epidemiological study. 29 However, this is the first study of risk factors to outline a strength of association. Maternal BMI 25, 46 and outcomes from previous deliveries 1 are considered in practice but were not recorded in the database. While comorbid humerus and clavicle fractures are correlated with OBPI, these factors are not identified prior to labor and delivery; they occur concomitantly with OBPI itself. Thus, while these risks may alert primary care physicians to consider OBPI on a newborn examination, they are not detected at a stage to prevent OBPI.
Shoulder dystocia is the most significant potentially modifiable risk factor in terms of both prevention and effective management once identified during delivery. Dystocia-induced OBPI has been a focus of much research; dystocia is mechanically distinct, correlating with degree of neurological impairment, 32 permanent impairment, 50 and indication for nerve repair. 54 Awareness of and dedicated training for dystocia maneuvers 20, 56 are reported to decrease the incidence of both overall and "permanent" OBPI in practice. 24 
referral Processes
At best, only 45% of patients with OBPI were referred to multidisciplinary care. The proportion of referred cases was consistent across provinces. All potential biases lead to this number being overestimated, as it includes imputed data for 1 center. Further, we could not confirm Canadian birth for every child identified in our center referral databases, and there is a possibility that a small proportion of children were assessed at multiple centers. Estimates were consistent with the analysis of adult brachial plexus injury in the healthcare system; 22 48 .6% of patients were referred to specialized centers, with 53.7% of referrals made late.
The timing of referral to a multidisciplinary center is important, 60 as a referral provides coordinated education for guardians and assessment by specialized physicians and therapists. One month was chosen as a timeframe for a designation of "good." The 1-month time point is conservative; a proportion of OBPI is neuropraxic and may resolve spontaneously by this time (35%, 95% CI 23%-48%). 18 A novel algorithm endorsed early referral for potential surgical candidates. 44 However, primary care providers for newborns lack the familiarity and expertise to educate guardians and monitor for patient recovery. 39, 60 Recovery is often overestimated, and residual impairment is not characterized. 18, 55 Pediatric peripheral nerve management is a highly specialized treatment area, with physical therapy and operative resources concentrated at multidisciplinary centers. Centers and providers with high volumes of the same diagnosis (e.g., specialized centers) generally deliver higher-quality care in the pediatric population. 45 This reflects the 1-month referral target endorsed by the consensus group here and a previous national multidisciplinary position statement. 4 Three months was selected as "satisfactory" referral timing. While evidence is not sufficient to support specific nonoperative physical therapy protocols with referral at 1 month, 10, 18, 63 there is growing evidence to support operative nerve repair beginning at 3 months of age. 19 Canadian OBPI surgeons indicate preference for early referral 4, 7, 12 to allow for serial assessment by a multidisciplinary team, with indications for nerve repair beginning at 3 months. 7, 12 The consensus group supported a conservative approach to referral, where centers can assess a proportion of children making a good recovery versus a patient with a delayed referral presenting with sequelae beyond ideal operative windows.
Beyond 3 months, referral timing is "poor," and 34% of patients were assessed late. Given referral timing, they were almost certainly referred because of a persistent residual deficit beyond 3 months of age. Care in this group was not optimized.
strengths
This study used a comprehensive, demographic sample from a publicly funded, universal healthcare system. Further, OBPI expertise is highly concentrated at 10 multidisciplinary centers in Canada; it is unlikely that specialized physical therapy or surgical expertise were available elsewhere during the study period. These characteristics of the healthcare system give us confidence in reporting outcomes for referral timing, risk factors, and incidence trends; little data were inaccessible to the authors.
A national group of experts established quality indicators for referral at clinically relevant time points. This was necessary given the lack of established quality indicators or definitive evidence for outcomes relative to referral timing. Risk factors and incidence trends have been previously investigated. However, we used rigorous methodology to express risk with strength of association calculations and confirmed no change in incidence. The burden of OBPI established by this study provides the foundation for the creation of a clinical practice guideline.
limitations
This study has limitations inherent to observational and summarized data. The incidence of OBPI was likely to be underestimated. The CIHI database only captures infants born in the hospital. Discharge diagnoses are generated by primary care physicians and may not be accurate. Quebec does not have mandatory reporting; therefore, patient identification in that province was inconsistent. Conversely, referrals were likely to be overestimated. Data were generated from organizational or single-provider databases. The province and country of birth for each patient could not be verified. A proportion of patients may have been assessed at multiple centers. Data were imputed for 1 center. Still, the proportion of OBPI referrals to multidisciplinary centers was 45% at most.
The national database was limited. Known risk factors were not captured (maternal BMI, weight gain, and obesity). Newborn weight was limited to dichotomous variables, preventing a robust analysis. Patients with a total absence of risk factors could not be determined. Patientlevel data were not available to model multiple risk factors within a single patient. Data from provider databases were similarly limited. Annual referrals were not collected, and a trend could not be measured. However, the authors have no reason to believe that annual referrals have changed, since no intervention was applied. Patient-level OBPI severity, need for nerve repair, and ultimate outcome were not available. Outcomes for infants who were not referred are impossible to measure; care for this group was likely not optimized given the concentration of expertise at multidisciplinary centers in Canada.
next steps
This study is a component of an iterative process to improve the quality of OBPI care by creating a clinical practice guideline. OBPI management is limited by gaps, which include the timing of a multidisciplinary referral, 44 concentrated clinical expertise, poor use of evidence, 11, 67 and variable surgical indications and timing. 7 Given this clinical background where practice is heterogeneous and evidence is unclear, rigorous approaches to knowledge synthesis (e.g., clinical practice guidelines) have the greatest capacity to impact practice. 68 The knowledge-to-action (KTA) cycle defines knowledge translation processes and designs research. 61 A review of Canadian OBPI epidemiology provides knowledge inquiry. A systematic review of primary nerve repair provides a high-level of knowledge synthesis. With this evidence base established, a knowledge tool (i.e., clinical practice guideline) can be produced. Following implementation, quality indicators are used to monitor knowledge use and evaluate outcomes.
The Canadian OBPI Working Group networked the healthcare system's experts to address concentrated expertise. This study demonstrated that system performance is not optimized for OBPI in the healthcare system. Further, it established quality indicators and identified areas for improvement in system processes. A previous study 18 investigated timing and indications for nerve repair. Together, these studies have optimized the evidence base. This new information can be used to reconcile the divergence of opinion between primary care providers and specialists, 14 organize care for a prevalent and time-sensitive diagnosis, and provide consistent information to guardians. A guideline can optimize care by improving knowledge among clinicians, improving educated referral, influencing care processes at tertiary care centers, minimizing practice variation, informing policy, and establishing criteria and baselines for system evaluation. 13 
conclusions implications for Practice
The incidence of OBPI was at least 1.24 per 1000 births with no trend. Infants whose delivery was complicated by humeral fracture, shoulder dystocia, or clavicle fracture were at very strong risk for OBPI; close examination of these infants may identify additional cases. A maximum of 45% of identified patients were referred to multidisciplinary care centers. Experts characterized referral timing as good (1 month) in 28%, satisfactory (2 months) in 38%, and poor (beyond 3 months) in 34% of patients.
implications for research
Shoulder dystocia is the strongest potentially modifiable risk factor for OBPI. This study provided the first quality indicators for OBPI referral. An OBPI referral gap has been established with quality indicators at clinically relevant time points; this gap can be addressed with knowledge tools to target referral and practice variation. 
